Powell was educated at the City of London School which he left, at the age of 19, in 1913. Nothing is known of his prowess at school, but he must even then have had a feeling for science at the laboratory bench, for he joined the firm of G. T. Holloway of Poplar, consulting chemists and metallurgists. This firm, in which Powell by 1916 had become chief chemist, had an established reputation in the assay of minerals and in the chemistry of the rare earth metals, thorium and other, at that time, metallurgical rarities. Thus was Powell's life-long interest in the rare and precious metals born, never to desert him. He appears to have been diverted from his original idea of becoming a works chemist as a result of a professional friendship with a Mr H. S. Gordon, a mining engineer who had, via consulting work, connections with Johnson, Matthey and Co., Ltd, to whom he recommended Powell when the company conceived the idea of setting up a research department. Powell's employment at Hatton Garden began on 11 February 1918, a day on which he recalls that a Zeppelin raid on London took place.
To a large extent, the history of Mr Powell and his scientific achievements is the history of his creation, the Johnson, Matthey Research Department. His first laboratory was in a back room at Hatton Garden, where, during his first three years, he was assisted by one young laboratory assistant. During this period he also met Dr W. R. Schoeller who, though on the staff of Messrs D. C. Griffiths, spent a short time with Johnson, Matthey. From this association must have sprung Powell's first major publication in collaboration with Schoeller, which took the form of a valuable textbook on the Analysis of minerals and ores of the rarer e l e m e n t s , published in 1919 by Charles Griffin and Co., Ltd, at a price 307 of 16s. This book was still in demand in 1955 when the third edition, extensively revised by Powell himself, was published (at 60s.), and enthusiastically reviewed. Initially problems did not pour into the new Research Department. Among other matters, however, Powell studied the chemistry and metallurgy of niobium and tantalum in the expectation that their alloys would be found to have uses for special engineering purposes. He also studied the extraction of zirconia from zircon, and how to replace osmiridium for tipping the points of gold nibs for fountain pens. The work of the Research Department, essentially at this time Powell himself, must have impressed his directors, because later in 1920 the department took over two rooms, and was equipped with a chemical laboratory, a balance room, fume-cupboards and a furnace room; it still had to find room for and include a pen-point factory. Powell acquired two scientific colleagues and became formally Head of the department.
T he analysis of tantaloniobic minerals For many years Powell was associated with W. R. Schoeller in a monumental series of researches on the estimation of the component metals of tantaloniobic minerals. This work continued for 14 years and was carried out mostly at the Sir John Cass Technical Institute in Aldgate (London E.C.3). The results of the researches were published in 33 papers, with 9 of which Powell was associated as coauthor.
The investigations were undertaken in order to improve on methods of attacking minerals containing tantalum and niobium in association with other metals, and to achieve a good quantitative separation of the oxides of tantalum and niobium. Previously the standard method of attack had produced intractable mixed precipitates of hydrated oxides, following fusion of the mineral with potassium bisulphate, solution of the fused mass, and hydrolysis of the solution. The precipitate of tantalum and niobium oxides is heavily contaminated with a number of other elements, the removal of which is troublesome and not always effective. The novel feature of the new method pioneered by Powell and Schoeller was the exploitation of soluble organic complexes such as complexes formed between tartaric acid or oxalic acid and the tantalum or niobium oxides, Ta20 5 and Nb20 5 respectively. According to the new method, the mineral was fused with potassium bisulphate as before, and the fusion product was then treated with a solution of tartaric acid in water (approximately 20% by weight). The insoluble residue contained silica, the major fraction of any tin present as cassiterite, and lead as sulphate. From the filtrate, antimony, copper and tin could then easily be precipitated by saturation with hydrogen sulphide. The remainder of the procedure was necessarily somewhat complex and contrasts strongly with many of the physical methods of analysis in use today. On boiling the tartaric acid solution after acidification with hydrochloric acid, hydrolysis occurs and the major fractions of the tantalum and niobium hydrated oxides are precipitated, together with tungstic acid and some coprecipitated titania, zirconia and thoria (precipitate A). The metals of the ammonium sulphide group of the well-known analytical tables were next removed from the filtrate, and following destruction of the tartaric acid the remaining fraction was again fused with potassium bisulphate, dissolved in water and the remaining oxides (titania, thoria, rare earths, alumina, beryllia and the minor fractions of the tantalum and niobium oxides) were precipitated with ammonium chloride and ammonia (precipitate B).
Following suitable treatments of precipitate A to eliminate and determine tungsten, and of precipitate B for the recovery of thorium and the rare earths as fluorides, the residual oxides were brought together, fused with bisulphate and taken into solution with tartaric acid solution, to give a solution containing mainly the tantalum and niobium. It was the use of tartaric acid which trans formed the treatment of tantaloniobic minerals, and enabled the desired solu tions to be obtained in a relatively straightforward procedure. Having thus obtained the desired solutions, the problem then arose of recovering and, if possible, selectively precipitating the elements. It was the investigation of this problem which led to the most important discovery, with which Powell was associated, of the peculiar action of tannin upon solutions of the organic com plexes of tantalum and niobium, and certain other acidic oxides. It was found that the effect of tannin solution on neutralized tartrate solutions containing the acetate ion, and on ammoniacal tartrate or oxalate solutions, was to precipitate the oxides of tantalum and niobium and many other metals with the exception of tungsten. From solutions containing mineral acids tannin precipitates tantalum, niobium and tungsten oxides. In particular selective precipitation may be obtained in oxalate solution, and it was one of the achievements of Powell and Schoeller that they were able to separate tantalum from niobium by using this reaction.
The process depends upon the fact that niobium oxide Nb20 5 is dissolved by solutions of ammonium oxalate as the stable complex (NH4)3[NbO(C20 4)3], whereas the corresponding complex containing tantalum is stable only in the presence of excess free oxalic acid. Thus partial or complete neutralization causes precipitation of hydrated tantalum oxide, whereas in dilute solution the addition of ammonia causes no precipitation of niobic acid. This difference in behaviour cannot be used as a quantitative separation owing to coprecipitation of niobium with tantalum from a solution containing both. Tannin, however, promotes the dissociation of the tantalum-containing complex in boiling, slightly acid oxalate solution, and under these conditions a sulphur-yellow tannin absorption complex of tantalic acid is precipitated. The corresponding niobium complex, which is bright vermilion in colour, is precipitated in the presence of tannin only at higher concentration and lower acidity. A particular advantage of the method is that the degree to which the tantalum precipitate is contaminated by niobium is indicated by the colour of the precipitate. If it is orange or red, the tannin absorption complex with niobium is also present, and can be eliminated by repeating the analytical procedure using the contaminated tantalum precipitate (after ignition) as starting material.
The method is, of course, subject to some error because of the narrow range of acidity between the complete precipitation of tantalum, and the incipient precipitation of niobium. The adjustment of the acidity necessary for a reasonably quantitative separation needed very careful attention, and it proved necessary to alter the details of individual analyses according to the relative amounts of tantalum and niobium present, and to proceed by a method of fractional precipitation.
The novel step of controlling the separation of tantalum and niobium from solutions of the oxides in ammonium oxalate with tannin was a distinct step forward in the analysis of tantaloniobic minerals by the best methods in use at the time. The unavoidable complexity of the procedure reflects the consummate skill of the operator and the insistence on accuracy at the expense of time was a feature of the best analysts at the time at which the procedures were developed. As may be noted from the bibliography, Powell was associated with the develop ment of other analytical methods, and contributed largely to general analytical compilations. The separation of elements of very similar chemical characteristics was to remain one of Powell's specialities.
G eneral w ork in th e J o hnso n , M atthey laboratories
The work undertaken over the years, to which Powell brought a comprehen sive knowledge and technical skill, was varied. In 1921, on the general recognition of the instability of platinum/platinum-rhodium thermocouples, investigations were started which showed that the instability was due to the presence of impurities in the metals used in their manufacture, and particularly to the presence of iron in the rhodium used for alloying. The need to detect and to determine iron present in small quantities led to the acquisition of one of the first of the Hilger spectrographs. Although a supremely successful proponent of 'wet' analysis, Powell realized the potential of the physical methods then coming into use, and the early spectrograph was the forerunner of a wide range of spectrographic instruments installed from time to time in the laboratory. Suitable methods were developed for eliminating iron and as a result materials giving thermocouples of high stability were produced. Possibly the Research Department regretted its success with the purification of rhodium when it found itself involved with the further refinement of all the rhodium residues in stock and with methods for refining ruthenium, osmium, iridium and platinum -a five year programme of work. A by-product of this activity was the responsi bility assumed by the laboratory for precious metal analysis, which necessitated further increases in staff, and which laid the foundations of the analytical laboratory, the availability of which metallurgical scientists were to find so vitally important. In the nineteen thirties and forties much experimental work intended to throw light on the theory of alloy formation involved alloys including elements for which standard methods of separation and determination were either not well known or inaccurate. The alloys also tended to involve mixtures of metals for which quantitative separations were beyond the skill of the average research student. These were just the type of metals and separations with which Powell had been concerned. Reliance upon Johnson, Matthey's analytical service became standard, and many are the papers which contain acknowledgements to Powell for his care and attention to the chemical analysis of quite exotic alloys. In devising appropriate methods he was apparently invincible.
As the work of the department grew, sectionalization was inevitable, and sections for ceramics research, and for metallography, grew up. With sectionali zation came further increases in staff, but in spite of this the whole staff could be mobilized on an important and urgent problem, as happened essentially in the work on South African platinum ores.
T he extraction of pla tin u m from S outh A frican ores From the middle nineteen twenties until the end of the decade, considerable quantities of platinum-bearing rocks were discovered in South Africa. Some ore bodies contained native platinum and included sperrylite, a platinum-arsenic compound insoluble in aqua regia. The Merensky reef in the Transvaal was a particularly important find, with potentially profitable deposits in the regions of Lydenburg, Potgietersrust and Rustenburg. The ores were, however, of a type not previously worked in quantity; the precious metals were associated with the sulphides of copper, nickel and iron, and extraction presented difficulties such that processes based on knowledge available at the time gave much poorer recoveries than those obtained from alluvial deposits. Initial processes could only be based on those for the extraction of nickel from iron-bearing mixed copper-nickel sulphide ores and involved similar operations. The ores were roasted in order to convert iron sulphide to ferrous oxide and subsequently melted in a reverberatory or small blast furnace to convert the ferrous oxide to a slag of ferrous silicate, which was run off. The remaining molten sulphide mass (or 'furnace matte') still contained a relatively high proportion of iron. To remove this, the crushed matte was melted and treated with a current of air in a silicatelined converter of the Bessemer type. The remaining iron was oxidized and removed as a slag leaving 'Bessemer matte', a refined mixture of copper and nickel sulphides containing only traces of iron. According to the procedure of the Orford process this refined material was smelted with sodium sulphate and carbon. The result of this operation was to cause separation into two layers. The copper and iron sulphides were concentrated into the upper layer or slag of sodium sulphide (the 'tops') while the nickel sulphide remained in the lower layer (the 'bottoms'). Nickel could be extracted from the roasted nickel sulphide by reduction with carbon and refined by electrolysis. In cases where the original ore contained precious metals of the platinum group, these metals survived into the blast furnace matte, but difficulties arose in retaining them in the nickel sulphide matte. Further, the procedures then current for the recovery of low concentration of the precious metals from the nickel oxide were difficult and complicated.
As a result of difficulties of this nature large samples of the ore concentrates were sent from South Africa by the mining companies to various European and American refineries, including Johnson, Matthey, in the hope that a suitable process might be found. Following visits to South Africa to study the mining aspects and metallurgical problems by Powell's colleagues, A. B. Coussmaker and E. C. Deering, the Research Laboratory started work in 1926 on attempts to develop a reliable and economic method for treating the sulphide ores. In the space of a year the problem had been solved by Powell and his colleagues E. C. Deering and E. R. Box. The process discovered formed the basis of British Patent 316063, application for which was filed on 1 May 1928. Since this was, in fact, the only successful and economic process to be discovered, Johnson, Matthey became the sole refiners of South African platinum. The close con nection between Johnson, Matthey and the Rustenburg mines survives today.
The essential feature of the process devised by Powell, Deering and Box was the discovery that, at elevated temperatures, platinum metals have a higher affinity for metals of the iron group of the periodic table than for molten metal sulphides. If, therefore, iron, nickel or an alloy of the two is added to a mixed sulphide matte, or if the matte is processed in such a way as to liberate a part of the iron and nickel it contains, the precious metals are collected by, and greatly concentrated in, the molten nickel, iron or alloy (the free metal). It was found that the requisite free metal content could be achieved by a variety of methods; thus, desulphurizing agents such as copper, aluminium, manganese, alkali or alkaline earth metals could be added. Should the matte as produced contain too much free metal, adjustment to a suitable concentration could be made by the addition to the melt of oxidizing agents such as iron oxide (haematite) or a sulphurizing agent such as iron pyrites. The patent also provided for the separation of the platinum-bearing free metal from the rest of the mixture. The authors found that when an alkali hydroxide, carbonate or sulphide, or an appropriate mixture, was introduced into a molten matte containing free metal, the latter crystallized in the form of coarse crystals during the cooling of the molten mass. The resulting solid could be broken up and exposed to the atmos phere for some days to become friable; at this stage the free metal could be removed by mechanical means, for example by treatment on shaking tables or by magnetic separation. The first crystals of free metal to separate contained the greater part of the platinum metals in the molten matte, and the process made provision for the appropriate collection of those crystals richer in platinum, since by these means a further concentration was achieved.
The process proved very versatile and could be modified, by the use of large quantities of an alkali compound added to the blast furnace matte in the rever beratory treatment, into a process very like the Orford 'top and bottom' smelting process. Provided that the original matte contained a proportion of free metal, either added or formed within the melt, the platinum metals were concentrated into the lower nickel sulphide layer. This 'nickel matte' contained free metal rich in nickel and contained also the platinum metals. After crushing the solidified mass, the free metal bearing the precious metals could be removed by magnetic separation.
Whatever variety of the process is used, the essential feature is the separation of metallic nickel, iron or an alloy of the two which contains the precious metals in a far higher concentration than in the original ore. The separated free metal is smelted with alkali or alkaline earth sulphates and silica, resulting in the removal of remaining iron as a slag leaving nickel sulphide still containing free metal, in which the platinum metals are still further concentrated, and which can be obtained after crushing and magnetic separation. One of the beauties of this process is that, at this stage, the free metal may be recycled by using it, probably with the addition of sulphur-bearing material, in such proportions as to produce a sulphide matte which has 10-20% of free metal in the resulting melt. This is extracted as described above, and the concentration process can be repeated as many times as necessary to achieve a precious metal concentration sufficiently high to justify, and repay, the cost of recovery by established methods, such as electrolysis or solution in acid to leave sludges containing high proportions of the precious metals. From such sludges the precious metals may be obtained by established refining operations.
The patent cannot reveal the knowledge, experience, chemical intuition and sheer hard work which resulted in this successful process. The economic consequences were however enormous. The work involved very numerous and repeated trials at the laboratory bench, followed by a large scale test in Johnson, Matthey's sulphuric acid silver refinery, borrowed for two weeks only during a slack period in the silver business. According to notes left behind by Powell himself, all the equipment was of a makeshift type, everything had to be man handled owing to a lack of mechanical aids and the whole operation had to be mounted, including tests of the process, within the fourteen-day period. Having obtained from the company's works a large quantity of a ground copper-nickeliron matte, the tests began with the whole staff of the Research Department organized into two shifts for continuous day, night and weekend working. Powell's memories clearly included the adverse thundery and rainy weather conditions, which resulted in severe discomfort for the unfortunate staff member who happened to be manning the pump needed to transfer sludge continuously from one part of the plant to another, above which was an unsound area of roof. Powell also recalled that the necessity for a certain amount of transfer of material by bucket led to inevitable and sometimes amusing spillages. However, the results obtained were highly promising. A pilot plant was erected at one of the company's refineries; this developed into a full scale plant, handling, by 1929, large quantities of sulphide ore concentrates which were treated continuously. The efficiency of the recovery of precious metals reached 50-60% though much later work by a colleague (Mr Peer) improved this to 80-90%.
The precious metal extraction process was a triumph and a justification for the Research Department, and illustrated the successful integration achieved between production and research, which is always aimed at but not always achieved.
Other problems in relation to platinum extraction also came under Powell's scrutiny. For instance, some of the South African ore, from the upper zones of the deposits, was in the form of weathered and oxidized rock containing little copper and nickel and suitable methods had to be devised for treating these.
Alongside these experiments the Research Laboratory under Powell undertook a programme of research designed to define the form in which the platinum metals occurred in South African ore. Working with a sample of minerals extracted from the ore, it was shown that the platinum existed partly as grains of native metal and of sperrylite, but mainly in the form of two minerals. One was a platinum monosulphide and the other a mixed platinum-palladiumnickel sulphide. After suitable etching treatments these two minerals could be distinguished and separated manually under a microscope.
Several years later the mixed sulphide mineral was studied, by X-ray diffrac tion methods, by the late F. A. Bannister in the Mineralogical Department of the British Museum (Natural History) at South Kensington. He called it 'braggite'; this name was intended to commemorate the first characterization of a mineral by the use of X-ray crystallography. A little earlier the other mineral had been named 'cooperite' by H. A. Adam.
T he later years
The growth of the Research Department, and the general growth of the company, soon necessitated larger and more commodious premises which could not be provided on the Hatton Garden site. Already the department was scattered over five different parts of it with two even remoter portions. Consequently, after the usual search it was decided in 1937 to build an entirely new laboratory on a 4f acre site in Wembley. Powell was naturally heavily engaged in the planning exercise and building operations began in February 1938. In September the building was finished and after the movement of men, materials and equip ment the department settled down again. The opportunity was taken to instal the latest physical equipment for work on alloys and in the analytical field. It would appear that the philosophy of relevance of the researches to the company's needs was well maintained at Wembley under Powell's leadership. Work on the properties of the company's products continued to figure largely in the programme so that opportunity could be taken to improve their quality and expand their use. The wide range of Powell's responsibilities, for instance, included the electroplating of platinum for use in producing a tarnish-and wear-resisting coating on silver or silver-plated articles. With E. C. Davies, he investigated the deposition of platinum from aqueous alkaline solutions con taining sodium hexahydroxyplatinate [Na2Pt(OH)6,2H20], sodium hydroxide, sodium oxalate and sodium sulphate. These investigations produced a recom mended composition for the bath and a definition of the optimum operating conditions to give a cathode efficiency of almost 100%, and a platinum layer of adequate thickness in 6 minutes. The bath was capable of giving bright deposits, in contrast to deposits from the previously used amminophosphate bath which required much burnishing to obtain a satisfactory finish.
Other work included problems arising in the field of metallic electrical contacts, the development of special solders and fluxes, the design and develop ment of high temperature electric furnaces and the development of new alloys of the precious metals for specialized uses. The improvement of thermocouples and work on improvements of analytical techniques and refining processes went on undiminished. Clearly scientific versatility was one of Powell's major charac teristics. It may be noted that extensions to the laboratory became necessary in 1948 and 1954.
Alan Powell was not a man to publish much in the way of research results, though he regularly published reviews of the 'state of the art' with regard to the production of the precious metals and their uses. He wrote the contribution on non-ferrous metals for the Annual Reports of Progress in Applied Chemistry for the issues of 1930, 1931, 1936 and 1937. Attached to this memorial is a list of Powell's publications, running to some 32 items. Those embodying the results of original researches are concerned mainly with analytic methods, over which he had conspicuous mastery. His undoubted experimental skills, his unrivalled knowledge of inorganic chemistry and his imaginative thinking were passed on to his colleagues verbally in discussion, so that it is as an inspired and inspiring leader of research teams that Powell will be remembered. Alan Powell's longcontinued and distinguished work on the extraction, purification and analysis of platinum and other precious or rare metals, and the rare earths, together with his vital contribution to the smooth progress of research in many other labora tories in which pure materials, rare metals and awkward analyses were involved, were recognized in 1953 by his election to the Society.
In 1954, at the age of 60, A. R. Powell retired from the managership of the Research Department. In his case this is merely a way of saying that his responsi bilities to the company changed, for he spent the years from 1954 to 1960 as a research consultant. This was no sinecure, and he was continually at the labora tories helping generally with the research in progress. Long after his ultimate retirement Powell continued to attend at the laboratories, and happily pursued his interest of personal experimentation at the laboratory bench which was reserved for him in the Chemical Research Laboratory. Though the frequency of visits diminished, he visited the laboratories at least one day a week up to the end of 1974, and his former colleagues greatly valued his clear and helpful comments on their current problems. In particular he was able to continue his inspiration of younger scientists by passing on to them some of the knowledge, experience and scientific wisdom acquired in a full and varied scientific life.
G eneral comments
The present writer came into contact with Alan Powell in the early thirties. Powell was then already well established as an authority on the chemistry and metallurgy of the rarer metals. The contact was professional and conducted largely by correspondence, but he was as helpful in print as in conversation and young scientists in many other laboratories must have had the same experience. Others have known him more personally and the writer is heavily indebted to Dr L. B. Hunt, lately Research Director at Johnson, Matthey and to Dr J. C. Chaston, who was Powell's successor as Research Manager of the Wembley Laboratories, not only for much of the information upon which this memorial is based, but for personal recollections. Dr Chaston remembers that Powell expected very high standards of ability and intelligence, never suffered fools gladly, and could be on occasion somewhat caustic in his criticisms. Apparently regarded in his early days as something of an autocrat, he mellowed considerably in later years and was certainly regarded with affection as well as respect by all with whom he worked. Also remembered are his insistence on high standards of literacy in written reports, and his bench-side discussions, which did as much as anything to secure the dissemination of his own intuitive skill throughout the laboratory.
Powell's knowledge and ability as a classical inorganic chemist, possibly one of the last, were backed up by an encyclopaedic memory, and made even more effective by an instinct for predicting the conditions for a given chemical reaction. For this reason he was happiest in the chemical laboratory where his work was marked by neatness and economy. Of the many research projects initiated and brought to fruition in a total association with an industrial company over some 56 years, Powell could not have been involved in the experimental work of more than a proportion. Since he has left little documentary evidence of his direct involvement in the work which went on under his leadership it is difficult to discuss the whole of his work in the detail available for the famous platinum extraction process. It is, however, undeniable that his authoritative influence generated a real research atmosphere which stood his company in good stead. Away from chemical and metallurgical work, Alan Powell was a gardener whose keenness ensured success, and memories of his sweet peas and his straw berries are still fresh in the minds of his former colleagues.
Powell was married in 1914 to Marguerite Tremmel, and their family con sisted of one son and three daughters, Marguerite died in 1956; he is survived by his second wife, Mildred Mary, widow of Arthur John Coleman, whom he married in 1960.
As noted above, Alan Powell was a scientist and a research leader of great distinction. His continued service to his subject after formal retirement adds
